Bi2O3 nanosheets (NSB) photocatalyst was fabricated via a very simple method of liquid precipitation. The as obtained products were characterized by SEM, N2 adsorption-desorption, XRD and UV-vis diffuse reflectance spectra. The results showed that NSB catalyst can beconsidered as set of nanosheets with an average thickness of 110 nm. NSB photocatalyst exhibited high surface area of 33.21 m 2 /g and high purity. In addition, NSB catalyst displayed excellent photocatalytic performance for the dye of rhodamine B (Rh B) under visible light due to the structure of sheet and high surface area.
INTRODUCTION 
In recent years, based on in-depth research of waste water treatment technology, photocatalytic oxidation technology has drawn a lot of attention owing to its simple operation, high efficiency, good stability and no secondary pollution [1, 2] . However, the technology of photocatalytic oxidation in wastewater also has some drawbacks, for example, high cost, low utilization of natural light and material reuse. In this case, further research and developing of high activity photocatalytic materials is important.
With the development of nano science and technology, inorganic nano materials have obtained many researchers' attention because of their unique activities, such as small particle size, high surface area and surface energy [3, 4] . Inorganic nano materials have a special performance in the aspects of optical, electronic, and physical chemistry [4 -7] . Up to now, inorganic nano materials with the morphology of particles, wires, rods, films, tubes, sheets et al have been researched. Among them, the nano materials with the morphology of sheet have attracted more and more researchers in photocatalytic field due to new characteristics including single crystal quality, high crystallinity, enhanced light absorption and separation efficiency of photogenerated charge carriers and other properties [8 -10] .
Bismuth, as one of the most abundant materials in China and all over the world, plays an important role in resource utilization with continuous development and utilization. Its oxide(Bi2O3) due to high dielectric constant, high refractive index, high oxygen ion conductivity, prominent photoconductivity and photoluminescence is widely used as a technically important material in the application of catalysis, chemical sensor and solid electrolyte materials [11 -15] . From 1988, Harriman first proposed that Bi2O3 could be used as photocatalyst [16] , more and more researches on Bi2O3 for the treatment of organic wastewater under light irradiation have been reported and Bi2O3 has been considered as one of the most  Corresponding author. Tel.: +84-021-6087328; fax: +84-021-6087328. E-mail address: chendhisit@163.com (D. Chen) promising photocatalyst due to its high oxygen vacancies, strong photoelectron and hole separation ability and high utilization of natural light [15, 17] . Up to now, Bi2O3 with the morphology of nanoparticles, spheres, flowers, nanoroads and fibers has been reported and applied in the field of photocatalycs [18 -23] . Photocatalytic materials with nano-sheet morphology are beneficial for photocatalysis reaction because of superior properties. However, the researches about the nanosheet structure of Bi2O3 are not present.
This study intends to prepare NSB material by liquid precipitation method and compare it with commercial Bi2O3 with nanoparticle morphology (NPB). The photocatalytic activity through the degradation of Rh B solution under simulated visible light is studied.
MATERIALS AND METHODS

Materials
Materials were purchased from Shanghai Titan Scientific Co.,Ltd (China): bismuth(III) nitrate pentahydrate (Bi(NO3)3·5H2O, AR), nitric acid (HNO3 AR), Hexamethylenetetramine (C6H12N4, RG), ethanol (C2H5OH,AR), CB(AR), rhodamine B (Rh B). Deionized water (DI) supplied by our university was used in the experiments.
Synthesis of Bi2O3 nanosheets (NSB)
A simple method was successfully used to synthesize NSB. The preparation process was as follows: firstly, weighted 0.970 g Bi(NO3)3·5H2O was dissolved in 20.0 mL HNO3 solution (5.0 mL HNO3 and 15.0 mL HO2) in a single mouth flask with 40.0 mL HO2. Then mixture solution was stirring at a suitable rate and heated to 70 ℃. Secondly, added 5.0 g C6H12N4 (dissolved in 20.0 mL H2O) and kept stirring and heating for 2.0 h. Finally, the suspension was centrifuged and washed with ethanol and water for two times, respectively and dried at 70 ℃, then calcinated 2.0 h at 500 ℃ and the productions were gained.
Characterization
HITACHI S-3400N scanning electron microscope (SEM) was used to characterize the morphology of samples. A PANalytical X'Pert PRO X-ray diffractometer with Cu Ka (λ = 0.15418 nm) incident radiation was employed to analyze the crystal structure of the samples. Nitrogen adsorption and desorption experiments were performed at 77 K on a NOVA4000 gas adsorption analyzer (Quantachrome Corp.) to analyse the surface aero and pore size distribution. UV-Vis diffuse reflectance spectroscopy (UV-3600, Shimadzu, Japan) was used to examine the photo-physical properties of samples and the range of wavelenght was 200 -800 nm. Photocatalytic activity of samples were determined by Beijing Purkinje General Instrument production of TU-1900.
Photocatalytic experiment
The photocatalytic performance of samples was evaluated by the decolorization rate studies of Rh B solution in a photochemical reactor (Beijing, China Education Aulight Co., Ltd). It was equipped with 300 W lamp as the visible light source, which was about 10 cm from the liquid surface of the suspensions. 60.0 mg samples were added in 100 mL 10 mg/L Rh B dye solution under constant magnetic stirring. Before lighting up, the suspension was stirred for 1.0 h in the condition of dark to reach the state of adsorption-desorption equilibrium. 4.5 mL suspensions was timely taken out and centrifuged for 4.0 min at the speed of 7000 r/min. The absorbance of the supernatant was measured by TU-1900 at 554 nm. The degradation rate W (%) was calculated according to the following formula:
where Ao and At are the absorbance of Rh B solution before light up and at the time of t after treatment. In order to analyze the morphology of samples, SEM was used. Fig. 1 displays the typical SEM images of NPB and NSB. It can be observed that the structure of as obtained sample NSB is nano-sheet with an average thickness of 110 nm in Fig. 1 b. NPB was nanoparticle shape with different size, whereas NSB consisted of smaller particles with the size around 40 -60 nm (Fig. 1 a) . NSB was formed through the aggregation of some smaller particles ( Fig. 1 b) , which may be caused by nanocrystals tend to shrink the exposed surface in order to reduce the surface energy [24] . From Fig. 1 b it is easily to find that the surface of NSB is rough and has some holes that will be beneficial to increase the surface area. Large surface area is beneficial to adsorb more reactants on the surface of the catalyst and high pore volume is useful for various reactants and products spread rapidly in photocatalytic catalytic reaction process, and then improve the photocatalytic activity and degrade organics more quickly [26] . So, it is meaningful to analyze the surface area and pore volume of samples. Fig. 3 presents the nitrogen adsorption-desorption isotherms and corresponding pore 
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Pore size, nm NPB NPB Quantity adsorbed, cm size distribution curves (inset) of NSB and NPB. From the data of nitrogen adsorption-desorption isotherms, the surface area of NSB could be reached to 33.21 m 2 /g whereas NPB is just 27.56 m 2 /g. According to the IPUAC classification, the isotherm plot reveals that NSB and NPB belong to the porous materials [27] . According to Fig. 3 the pore size of NSB and NPB are mainly distributed in 5 -10 nm and the proportion of NSB is much more than NPB. Fig. 3 reveals that NSB have an advantage over NPB in the field of photocatalytic because of the larger surface area and higher proportion of pores.
Optical properties
The photo-physical properties of synthesized NSB were studied by UV-vis DRS spectroscopy. Fig.4 exhibits the typical UV-vis diffuse reflectance spectra of NPB and NSB. By contrast, it is clearly noted that, both of them set out good absorption below the wavelength of 400 nm and low absorption above 600 nm. Nevertheless, the absorption of NSB is stronger than NPB in all region. High absorption for visible light demonstrates that the material is suitable for photocatalysis. As a crystallite semiconductor, the optical absorption near the band edge follows the equation:
where a, v, Eg and C are the absorption coef-ficient, light frequency, band gap, and a constant respectively [28] . The Eg of Bi2O3 could be estimated from a plot of (ahv) 2 versus photo energy (hv) [29] . As shown in Fig. 4 The photocatalytic activity of samples can be evaluated by the degradation rate of Rh B solution. Fig. 5 presents the photocatalytic activity of samples under visible light irradiation. Fig. 5 a presents that Rh B solution can be degraded in the condition of visible light after adding the samples. Before turning on the light, it is obviously observed that the concentration of Rh B solution with nothing is almost stay the same. Moreover, the concentration of Rh B solution with NSB and NPB is decreased a little. Comparing the data during darkness, the samples could reach the state of adsorption equilibrium in 30 min and the adsorption ability of NSB is better than NPB, which may be caused by the high surface area. After turning up the light, the concentration of blank control also stays the same in 1.0 h and then decreases with time. 3.0 h later, the blank control is totally decreased about 3.1 %. However, the concentration of solution with NPB and NSB have been decreasing over time. Lighting for 1.0 h, the concentration of solution with NPB and NSB is degraded to 52.6 % and 91.4 %. After lighting up 3.0 h, the degradation of solution with NSB almost reached to 98.8 % and the NPB was just 24.4 %. The relationship between ln(C0/C) and irradiation time of the degradation by NPB and NSB is shown in Fig. 5 b, where C0 and C are the concentration before and after lighting on, respectively. It is quite obvious that the relationship of the degradation with NSB is not linear and the photodegradation with NSB exhibits auto-accelerated effect. That reveals that the photodegradation with NPB does not follow the reaction kinetics of pseudo-first-order, which may be cased by the intermediate products produced during degradation effect the conditions and enhance the photocatalytic activity of NSB [30] . It could be obtained that the photocatalytic property of NSB with the unique morphology is better than NPB [8 -10] . In order to clearly view the degradation of Rh B solution, UV-visible absorption spectra and the photos about color change were used. It is easy to view these changes in Fig. 6 . The color of Rh B solution is more and more light and 3.0 h later, it almost becomes transparent, indicating Rh B solution has been degraded completely. The intensity of the absorption peak at the wavelength of 554 nm, which represents the concentration of Rh B solution, rapidly decreased with time and accompanied by a Abs.
Wavelength, nm NPB NSB gradual blue shift of the absorption band, indicating that demethylation of Rh B occurs during the oxidation reaction [31] . 3.0 h later, the characteristic absorption peaks of Rh B almost completely disappeared, implying that the dye of Rh B is almost completely degraded. Therefore, it is concluded that NSB has excellent photocatalytic activity under visible light irradiation.
CONCLUSIONS
In summary, NSB with an average thickness of 110 nm was synthesized by one step method of liquid precipitation. The photocatalytic performance of NSB was investigated. Compared with NPB, the as-prepared NSB material not only displayed higher surface area (33.21 m 2 /g) and purity, but also exhibited excellent photocatalytic activity by the degradation of Rh B that could be reached to 91.4 % which was higher than CNB (52.6 %) upon visible light irradiation. That could be due to the morphology of nano-sheet that improves the visible light absorption and electron-hole separation efficiency. This paper provides a simple method for the preparation of good photocatalyst and demonstrates that NSB could be a promising photocatalyst in the field of water treatment.
